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ABSTRACT
The basic aim behind this research is to design an 
interplanetary spacecraft for a manned mission to Mars 
using issues of human physiology and psychology, 
interior architectural design considerations, ergonomic 
engineering and structural mechanics. The Minimal 
Artificial Weightness Concept (MAWC) was developed 
at ENSICA by Dr.Y.Gourinat and involves rotating the 
spacecraft about a central axis in order to create a sense 
of weightness in the modules. This reduces the medical 
problems experienced in zero gravity. The values of 
rotation rate and radius of the spacecraft have been 
chosen as 2 revolutions per minute and 45 m 
respectively. A total of three modules were chosen due 
to reasons of structural mechanics, with each module  
accommodating a crew of four. The habitation modules 
comprise a cyclindrical structure of dimensions 6 m in 
diameter and 12 m in length and consist of a two 
layered arrangement with staircases linking the two 
floors. Focus has been given to the detailed interior 
design of the habitation modules, taking into account 
psychological issues and these have been incorporated 
into the design by the choice of lay-out, materials, 
colours, lighting and furniture. The resulting modules 
have been modelled on computer using CATIA 
software.
THE ORIGIN OF MINIMAL ARTIFICIAL 
WEIGHTNESS CONCEPT
Considering the accuracy of problems related to the 
physiological condition of the crew, and particularly 
pilots for landing operations, many people have 
discussed, for a long time, the relevance of the Artificial 
Weightness Concept.  For the first lunar landing, Neil 
Armstrong had to pilot manually the Lunar module, and 
his capacities as a pilot were requested not only for the 
success of the mission, but also for its safety.  
Considering that he was an exceptional pilot and 
sportsman, and that at this moment his heart was 
beating at an extreme level, it appears that the 
psychological effort to land on a new world requests 
also physiological integrity during all critical phases of 
the mission.  This observation already raises the 
problem of artificial weightness for long duration 
missions.
In addition, it has been shown that more than one year 
of flight has been physiologically beared by the 
exceptional Doctor Cosmonaut Poliakov, but we know 
that future missions will be carried out by crews 
composed of 10 to 15 “ordinary” astronauts, whose aim 
in space is not only medical capability of flight, but 
execution of scientific missions.  It is not proven that 
with such crews, very long durations of weightlessness 
are acceptable for everybody with a good margin of 
safety.
Finally, we must mention that certain situations could 
request at least temporary weightness, without specific 
risks.  For instance, it is statistically very unlikely that 
we could avoid the eventuality of surgical intervention 
in flight, for a 3 year flight with 12 people.  Even if 
some procedures are feasible under weightlessness, it is 
not evident that others, including preparation and the 
resulting operations, could be.
All these arguments lead to the envisage and study of 
the possibility of weightness.  In Hergé’s “Explorers on 
the Moon” (1950’s Belgium cartoon strip), this concept 
already clearly appeared, by continuous rocket 
acceleration.  Even if this concept is energetically 
prohibitive (without Professor Calculus’ miraculous 
engine!), we must mention that here appears an explicit 
allusion to artificial weightness, based on the 
equivalence principle (acceleration/weightness).  Werner 
Von Braun proposed also at approximately the same 
time, the more realistic rotating principle, creating 
continuous inertial centrifugal acceleration.  In Arthur 
Clarke’s marvelous “2001 : A Space Odysee” there also 
appeared such a wheel station, much bigger than the 75 
m diameter proposed by Von Braun.  Many other 
similar concepts of wheels or docked rotating crafts were 
proposed.
The major problem of all these concepts resulted from 
the necessity to create a weightness whose level is 
comparable to a classical 1g Earth environment. This 
induced the necessity of either huge diameters (with 
structural problems), or high rates of rotations (with 
Coriolis problems).
 
 
 
Our proposal is to consider the minimal possibility of 
generating weightness, minimal on 2 accounts in fact :
- firstly, by minimizing the value of the weightness 
level, compatible with mission necessity ; this will 
allow us to minimize structural and Coriolis criticity.
- secondly, by the use of existing and proved 
technologies, for structures, materials and launch 
possibilities.
The final aim is to show that such a concept could be 
proposed to contribute to solving with realistic 
concepts, the human problems related to very long 
duration flights.
General Architecture of System
ENSICA student Xavier VETO, with the friendly help 
of Dr Antonio GUELL of the french space agency 
CNES, dealt in 1995 with the problem of the 
physiological minimal level of weightness necessary for 
full capability of mission.  From the results of long 
duration tests made with people attached to tilted-head 
down facilities, with different angles in relation to the 
horizontal, and taking into account the cardiovascular 
adaptation, the muscular tonicity, and also the 
eventuality of bone osteoporosity, the 0.2 g value was 
proposed.  It can be observed that this gravity level is 
intermediate between the Lunar and Martian ones, and 
the tests seem to show that it is, with good 
approximation, the minimal value for physiological 
integrity.
Other results, notably after rotating tests in a full scale 
room installed in the Star City centrifuge facility, 
demonstrated that the mechanical, nervous and 
psychological effects of the Coriolis complementary 
acceleration due to rotation becomes difficult to bear in 
daily life when the rate of rotation reaches four rotations 
per minute (4 rpm).  On the other hand, the Coriolis 
perturbation is practically negligible at 1 rpm. At 2 
rpm, the effect is noticeable, but the human system 
adapts easily.  As for the choice of weightness level, in 
coherence with the principle of choice of limiting 
(minimal) configuration, it was decided to propose a 
rate of two rotations per minute.
These limiting configurations allow us to actually 
optimize the mechanical configuration.  A simple 
calculation, based on the elementary formula:
centrifuge acceleration (m/s/s) = (rotation rate(rd/s))^2 * 
Radius(m), and with 0.2 g ≈ 2 m/s/s and 2 rpm ≈ 0.21 
rd/s), this leads to a structural weightness radius of 
45 m.  Such a size excludes mono-structure concept, 
which would lead to masses not compatible with 
existing launchers.  Thus, the concept of deployable 
light structure connecting several bodies was 
inevitable.
True to our general philosophy of simple and realistic 
design, we proposed classical metallic cylindrical 
houses, similar to the original Salyut concept which are 
also used on Mir.  Two diameter ranges were envisaged 
: 4 - 4.5 m, based on Proton / Shuttle / Ariane 5 
launching capability, and 6 - 6.5 m compatible with the 
Energia launcher.
The mono-house concept necessitated a counterbalance, 
possibly a service module :
Axis of
Rotation
In this architecture, the floors are circular, relatively 
small but numerous. This concept has also the 
advantage to be very simple, but serious difficulties 
appear with dissymmetry and twisting flexibility.
The twin-house concept is better :
The concept is now symmetrical, and provides two 
identical houses, with redundances.  In fact, this concept 
is coherent with two autonomous symmetrical 
spacecrafts, including propulsion and re-entry vehicle, 
connected only for artificial weightness, and generating 
a simple symmetrical architecture, whilst remaining 
highly flexible in twisting.  
Another major point is that, even if it is well balanced, 
statically and dynamically, (symmetrical position of the 
center of mass and coincidence of the rotation axis with 
the principal inertial axis), the inertial matrix of this 
station has no revolutional symmetry around the 
rotation axis, which means that the third type of 
balancing (gyroscopic), is not correct.  
 
 
 
Consequently, when a manoeuvre moment occurs for 
nutation variation for instance, in addition to classical 
gyroscopic precession, there appears a perturbing motion 
who’s frequency is twice the rotation rate of the station.  
The problem appears, in the same way, with a two 
bladed propeller and disappears with three bladed ones.
Thus the necessity progressively appears to envisage a 
ternal station, with three autonomous spacecraft (“Nina”, 
“Pinta” and “Santa Maria” !!). In addition, this concepts 
meets preoccupations concerning the optimal 
composition of crew, with 12 mixed members in 3 
teams.
Finally, the real 3-D structure induced by this concept is 
much more rigid and stable than the previous one :
It is possible to envisage a central propulsion module, 
but in coherence with the philosophy of autonomous 
safe-redundancy concept, it is more suitable to propose 
three integrated spacecraft with a service part 
(propulsion-working area) and habitation part (living 
area and re-entry vehicle).  This concept can be 
symbolised as follows :
The masses can be estimated as 60 tonnes per spacecraft, 
for a classical cruise mission of two times nine months 
for a crew of twelve people (four in each spacecraft).
The connections between modules can be made with 
existing aluminium lattice-beams, rather than with 
composite cable, which are lighter but induce problems 
of rigidity and difficulty of deployment.
OVERALL DESIGN ISSUES 
Each of the three modules contains three separate 
sections; a habitation area, a working area and these are 
separated by a storm shelter/Extra Vehicular Activity 
(EVA) module.
The dimensions for each section and the overall module 
were chosen with careful consideration to numerous 
factors including launch possibilities (i.e. payload 
dimensions), habitable volume per person and studies of 
other proposed mars spacecraft.
As the mission has been chosen as being international, 
with the emphasis on using off-the-shelf technology, or 
at least technology under current development, the 
Russian launch vehicle Energia would be a suitable 
launcher for such a mission.  The advantages being the 
immense payload dimensions and weight; 150-180 
tonnes into Low Earth Orbit (LEO) and a cargo bay of 
30-40 m.3
For the actual dimensions of the modules, a spreadsheet 
was formulated to calculate habitation volume per 
person for all combinations of cylindrical radius and 
length.  The radius has a more profound affect upon the 
volume per person than the length, therefore a large 
radius of 6 m was chosen and a corresponding length of 
12 m for the habitation and working module and 3 m 
for the interconnecting section.  This results in a 
habitation volume of approximately 84 m3 per person. 
(Based on the scenario whereby each module houses 4 
astronauts).
The use of the Minimal Artificial Weightness Concept 
brings in some specialised architecture and at the same 
time eliminates others.  With a permanent presence of 
0.2 g, design issues such as vertical orientation and 
provision of restraints can be ignored, but axial 
orientation becomes an extremely important design 
issue.
This is due to the effect of the Coriolis force which 
effects any object moving in a perpendicular direction to 
the axis of rotation.  The symptons include dizziness, 
nausea, disorientation and illusions and are therefore to 
be avoided wherever possible.  This has been taken into 
account in the overall module design by orientating the 
whole spacecraft along the axis of rotation, i.e. the main 
walkthrough is along the axis of rotation, the 
transgression from habitation to work, the corridors, 
even the beds are orientated along this direction.
The only movements perpendicular to the rotational axis 
will be the changing of levels and the crossing of rooms 
once inside.  To reduce the effects as much as possible 
the lay-out of the rooms must be arranged with attention 
 
 
 
to this fact and the changing of levels will be carried out 
by the use of ladders which will be easy to use in 0.2 g 
and will reduce the amount of time the astronauts are 
subjected to the Coriolis force. 
CATIA DRAWINGS OF HABITATION MODULE
Figure 1 : Cross-section of the habitation module.
Figure 2 : Side view of the habitation module,             
including observation ellipse.
Figure 3 : 3-D Catia view of habitation module
PSYCHOLOGICAL INTERIOR DESIGN ISSUES
Introduction
One of the most important psychological issues of long 
duration space travel for humans is the problem of 
isolation and sensory deprivation.
The symptoms include boredom, restlessness, sleep 
disturbances, somatic complaints, anxiety, temporal and 
spatial disorientaiton and over a prolonged period of 
time, reduction in task performance.12  Given the 
seriousness of these effects it would seem imperative 
that for a long duration mission to Mars, the interior of 
the spacecraft should be designed so as to provide an 
aesthetic and psychologically satisfying environment for 
the crew, whilst at the same time providing maximun 
lighting efficiency and easily maintainable surfaces.
The individual aspects involved in interior spacecraft 
design include;  colour, lighting, scent, materials, lay-
out, furniture and provision of privacy.  Each of these 
factors has been taken into account in the proposed 
design and are discussed in detail below.
Lay-out
The lay-out of the habitation module has been designed 
with particular attention to the psychological needs of 
the astronauts.  For a graphic view of the lay-out see 
figures 1, 2 and 3.
A two-layered arrangement was considered to be 
desirable due to the similarity to the architecture of 
modern houses here on Earth.
A mixture of separate rooms and open-plan layout has 
been included for variety, the separate rooms provide 
optional privacy for the cosmonauts, whether it is a 
private sleeping cabin, shower or medical facility, 
whereas the communal zones provide the astronauts 
with the opportunity to interact and carry out group 
activities.
On the top floor (level 2), the sleeping quarters and 
personal hygiene facilities (showers, toilets, etc) can be 
found, which is comparable with the terrestrial way of 
life.  The private quarters have been located at the far 
end of the corridor so that the cosmonauts will not be 
disturbed by through traffic.  The showers and toilets 
have been placed adjacent to the crew quarters for ease of 
access in the mornings.  
The open plan section on level 2 is the quiet communal 
zone for business, telecommunications and private study 
and so the whole floor is a relatively quiet zone.
Moving down to level 1, the activities are more noisy.  
This include an exercise gym, the 'noisy' communal 
zone 1 and facilities such as hairdressers, dentist and 
surgery which has been placed at the far end for reasons 
of disturbance in case there is a patient requiring rest 
and isolation.  The kitchens are located directly next to 
the communal zone on this level as this is where the 
meals will be taken.
 
 
 
Both communal zones posses easy, direct access to the 
storm shelter/EVA egress hatch and the working 
section.
Colour
Light, pale colours will be used on the interior walls 
throughout the spacecraft as they enhance the perception 
of spaciousness more than dark, saturated colours.
Long narrow rooms can be made to appear wider by 
using cool colours, e.g. green, blue and violet on the 
side walls and warmer colours, e.g. red, orange and 
yellow, on the ends.  This would be a useful effect to 
manipulate for the corridors which represent the 
narrowest part of the spacecraft. 
Low rooms can be made to feel taller by having the 
upper part of the wall and the ceiling in the same 
colour.  This will be implemented in every room on the 
lower level where the ceiling height is considerably 
lower than on the upper level.
An area which is much used, for example the communal 
zones, should not be of a single, uniform colour but 
instead decorated using up to a maximum of five 
different colours.  Colours will be chosen in the dinning 
area to enhance the appearance of the food and in the 
same way in the personal hygiene areas to enhance the 
appearance of the crews skin.
Changing of colour will also be used for establishing 
the feeling of transition between areas, especially 
between the living and working areas.
The importance of colour was highlighted on the 84 day 
mission of Skylab 3 which has become famous for the 
magnitude and severity of crew dissatisfaction on-board, 
which resulted in the first ever strike in space.  One of 
the 3 man crew, Pogue, commented 'the colour scheme 
inside here has been designed with no imagination what 
so ever, all that we have is two shades of brown and 
nothing else in this damn spacecraft'.1
As a terrestrial analog, U.S. submariners have 
experimented with different colour schemes inside their 
submarines, in particular for enhancing depth of view, 
as perspective was one of the things the submariners 
noted as being missed the most during extended diving 
periods and was one of the first things they noticed on 
surfacing, along with the green colour of nature.10
With respect to mood determination, numerous 
experiments have shown that different colours evoke 
different emotions.
Blue, green and violet shades are cool, quiet and are 
therefore recommended to be associated with areas of 
rest and relaxation. 
In particular the colour green is considered to be 
calming and relaxing and a room painted in green 
shades will help the crew wind down and achieve 
serentity, this could be put into effect in the relaxation 
corners of communal zone 2.
Blue suggests coolness and calm and is conductive to 
sleep and rest and therefore a mixture of these two 
restful colours would be suitable for the private sleeping 
quarters.
Red, orange and yellow shades stimulate psycho-
physiological functions and therefore are recommended 
to be used in areas of work or sport.  In particular red 
quickens the pulse and raises the body temperature and 
so would be best used in the mini-gym.
Orange and yellow would be suitable for the kitchen and 
perhaps the communal eating area in zone 2, as orange 
shares some of the energising properties of red and thus 
stimulates the appetite.  (The use of colour in 
commercial applications can be seen by the use of reds, 
oranges and yellows by fast food chains in order to 
stimulate the appetite and persuade their customers to 
buy more food.)
Material 
Unlike all previous space missions and spacecraft, the 
use of normal terrestrial materials like wood and soft 
furnishings is envisaged for the interior of a mars 
spacecraft, due to the huge psychological benefits reaped 
in doing so.
In order to find suitable materials for use in the interior 
of spacecraft, the material database Fuzzymat® was 
accessed at ENSICA. 
The criteria for a material for use in space applications 
are low density, high strength in order to resist the g 
forces on launch and re-entry, high resistance to 
environmental factors such as radiation and a long 
lifetime of usability.
Using these critera, some of the resulting possibilities 
are ; silicon glass for the windows, fir (parallel fibres) 
and bamboo (parallel and perpendicular fibres) for the 
furniture and wall panelling and palm and leather for the 
soft furnishings, such as curtains, screens and
upholstery.
British Trident submarines use wooden panelling on the 
walls and patterned seat coverings and carpet in the 
common living quarters in order to give it a more 
homely feel.  This seems to be appreciated by the crew.
In addition, having textured materials on the walls helps 
with both noise and glare reduction.  Noise pollution 
can be a serious problem on spacecraft - on Mir the 
cosmonauts are bothered by the continuous 75 dB of fan 
noise.10
Lighting
It has been shown by studies of night shift workers in 
the School of Psychology at  Leeds University, England 
that disturbances in terrestrial rhythms as dictated by the 
natural daily solar cycle, leads to problems of sleep 
disturbances and impaired physical and psychological 
well-being.13
They have been studying the use of bright artificial light 
to alter the body's natural rhythm so that shift workers 
in particular can stay alert at night and sleep adequately 
during the day.  This research has interesting 
implications to long duration space missions.
 
 
 
The difficulties experienced by humans on earth who 
work during the hours of darkness origninate from the 
mismatch between the internal body clock and what the 
environment is telling them.  This body clock, which is 
situated in the hypothalamus region in the brain, works 
by timing our bodily functions so that they peak and 
trough in a regular, predictable cycle over a period of 24 
hours.
When the environment provides no external time cues, 
the body clock tends to run closer to 25 hours.  The 
environment heavily influences the biological rhythms 
in ways such as the solar 24 hour cycle and even our 
own psychological awareness of the normal 24 period.  
The long-term effect of changing the body clock is not 
yet known.
Research at Leeds University is based on the discovery 
that sleepiness can be delayed by exposure to bright 
light.  The light suppresses the production of 
melatonin, which is the hormone that causes 
drowsiness, therefore if the drowsiness can be delayed, 
the subsequent patterns in the human body clock should 
also be delayed.
The worry is that unusual sleep patterns experienced in 
space due to the lack of terrestrial rhythms, may weaken 
the immune system which in turn can cause stress, 
depression and high susceptibility to infectious disease.
Changing sleep patterns cause the natural defense 
system to weaken, which leads to a decline in ability to 
reason and lowers job performance.
Therefore the simulation of sunrise and sunset over a 24 
period would appear to be desirable for a long duration 
space mission.
Types of lighting
For most living and working areas, white lighting 
should be used but the possibility exists to use coloured 
light in order to enhance colour contrasts which may 
otherwise be rather low.  To carry out this enhanced 
contrast task, light which is deficient in the wavelength 
of the darker of the two colours should be used.  For 
example, if it is desirable to distinguish a pale blue 
object on a yellow background, when both object and 
background have similar reflectivity and comparatively 
low brightness and colour contrast, it is possible to 
improve the visibility by the use of an orange light.
From the perception point of view, a low ceiling can be 
made to appear higher if it is lit fairly brightly.
Lighting should be designed to minimize glare, which 
happens due to the eyes inability to adapt itself to a 
wide range of brightness.  There are two types of glare; 
discomfort glare and disability glare and the sources can 
be natural or artificial.  If the sources of glare can not be 
removed for whatever reason, their effect must be 
counteracted by increasing the luminance of the surface 
behind the offending source, either by using additional 
lighting or colour.8
Finally, attention must be given to 'visual boredom' 
which is a psychological problem which arises when 
there exists a uniformly bright field.  Symptoms 
include inattention and the increased tendancy of human 
beings falling asleep, this aspect of lighting should be 
particulary taken into account in the work and laboratory 
module.
Submariners attributed their loss of taste to the dim 
lighting used on board the submarine over an extended 
period of time.
This became apparent due to their change in food tastes; 
more flavoured food was preferred compared to normal 
and spices and herbs were added to many dishes, pepper 
sauces added to soups and the most popular dishes were 
chillies and curries.  On surfacing after extended diving 
periods, one of the first thing many of them remarked 
was natural light.10
Scent
Smell is the only sense extending directly into the brain 
and therefore it is an essential component of our mood, 
memory and appetite.  The brain registers aroma twice 
as fast as pain and that is why the inhalation of certain 
scents can so powerfully transform the emotions, a 
particular example being aromatic oils which have been 
used for thousands of years for culinary, therapeutic, 
spiritual and ritual purposes.
Scent, fragance and aromas have a powerful effect on our 
emotions that can transform the way we feel.  In 
particular, certain scents have been shown to suppress 
appetite and reduce stress, as well as revitalising and 
energising the body.
Scientific studies prove that inhaling certain scents can 
immediately affect the central nervous system and 
international research even suggests inhaling certain 
aromas can actually increase productivity levels and 
information retention.
This has been hypothesised as being reliant on the fact 
that smell is the only sense that travels directly to the 
central nervous system, by-passing the blood-brain 
barrier.  Through the olfactory system the molecules of 
the aroma have direct acess to the limbic area of the 
brain which corresponds to the center of emotions and 
memory.  
All this should therefore be taken into account on-board 
the spacecraft by providing suitable background aromas.  
This already takes place in the world of commerce; 
many high street boutiques employ the services of 
trained aromatherapy personal to advise them which 
background scents to diffuse in their shops in order to 
influence the customer to buy more of their products. 
In particular, attention should be paid to the creation of 
earth-like scents to give the psychological sensation of 
being by the sea or in a forest, for example.  In 
communal zone 2 these can be combined with sight and 
sound for optimal effect.
 
 
 
When asked what she missed the most being in an 
isolated environment on-board Mir, the British 
cosmonaut Helen Sharman quoted 'smells', in particular 
the smell of fresh air and cut grass.  Of particular 
interest is that currently pieces of wormwood are taken 
up to the cosmonauts on Mir for them to smell10, 
bearing this in mind it would seem a good idea to 
construct some pieces of furniture out of scented wood 
like this.
Exposure to undesirable odors has been shown to lead 
to depression, tension, anger and fatigue - symptoms 
which are to be avoided at all costs on a long duration 
space mission.
The physiological and psychological causes for the 
mood changes have been studied in depth by 
researchers.  They hypothesise that the odors may 
trigger nerve pathways leading to the brains limbic 
system which modulates the mood and immune 
response of the body.
Some of the molecules relating to the odor could also 
cause nasal and respiratory irritation, which would then 
increase the adrenalin levels in the body, leading to 
heightened feelings of anger and tension.
The spacecraft would require the use therefore of some 
form of odor absorbing material or chemical scrubber.
Submariners noted that body odor could create serious  
problems with respect to concentration and ability to 
sleep and could also lead to mood changes, if it was of 
a serious enough nature.  Some commented that the first 
thing they noticed on surfacing was the smell of the sea 
which was salty and fishy!10
Leisure facilities
Individual leisure activities, for example reading, 
writing, listening to music via walkmans, painting and 
looking out of the window can take place either in the 
crews private quarters or if they wish to carry out these 
'quiet' activities in the presence of others, they can do so 
in the communal zone 1.  This area, as well as being 
designated the main area for formal meetings and 
telecommunication with Earth and mission control will 
also provide a type of library environment for quiet, 
personal study or relaxation.  
The cosmonauts can read, study, learn languages etc, in 
one of the two mini-libraries housed in the two far 
corners of the room which provide space for 2 
cosmonauts at a time to work quietly together in semi-
screened peace and tranquility.
Group leisure facilities will be mainly focused in 
communal zone 2.  This area will provide relaxed 
surroundings, which implies provision of furniture of a 
more relaxing nature, including comfy sofas, thick 
carpets, beanbags, hammocks, etc.
There will be multi-media screens, programmable by the 
crew which will provide the sights and sound of various 
Earth eco-systems, for example rainforest, Antartica, 
tropical islands etc.  These Earth projections will take 
place on liquid crystal display screens onto which the 
images can be projected.  The cost of such a system will 
indeed be very high but the psychological benefits are 
worth it.  
Two relaxation corners will provide semi-screened areas 
in which crew members can watch videos or play 
musical instruments without disturbing the others. This 
semi-screening will therefore, have to be of a sound-
proof nature.
Large group activities, for example social discourse, 
meals and board games will take place in the middle of 
the zone - centred around the large table.
The zone will also be home to aquariums (the Japonese 
have already bred fish in space in 0g, so there seems 
little problem to do the same in 0.2g), many plants and 
flowers and maybe even small personal pets for the crew 
such as rodents  and small reptiles.
Submariners rated social leisure 5 and individual leisure 
4 on an importance scale of 1-5.  (A rating of 5 
indicating that the activity is very important and a 
rating of 1 not very important at all)
Social facilities avaliable to them included; reading, 
listening to music, playing musical instruments, board 
and card games, crosswords and puzzles, films and 
videos, computer games, written communication with 
family and discourse with other crew members.
The latter was choosen by the majority of the crew 
members as the favourite leisure activity and was 
deemed to be vital for social intergration and contact10.
Cosmonaut Helen Sharman rated social leisure 4 and 
individual leisure 1 for long duration missions.  Social 
facilities available to the cosmonauts on-board Mir 
include; talking with crew, radio enthusiasts on Earth, 
friends and colleagues in Mission Control, listening to 
music and news from the radio via mission control.  In 
addition, watching videos, playing musical instruments, 
reading and looking out of the window.
Facilities not available which Helen recommends for 
long stays in space include contact with family and 
friends on Earth and the use of artist materials for 
sketching and painting.10
Sports Facilities
Requirements for on-board sports facilities are;
Isotonic strength device for leg and arm muscles
Aerobic exercise equipment for CV system
Cooling and ventilation 
Noise and vibration control
Moinitoring equipment for physiological data
It will be necessary to provide exercise regimes that are 
both personally challenging and fun to carry out, for 
example linking the exercise machine with a 
sophisticated 3-D visual display system that creates an 
illusion of participating in the sport through a moving 
virtual landscape.  Perhaps also the ability for more than 
one astronaut to carry out the same exercise at one time 
 
 
 
in order for virtual 'team' sports to be carried out.
In addition it could be an advantage to include a mini-
greenhouse or bio-regeneration unit within the gym in 
order to maximise human-plant gas exchanges and to 
provide a pleasant environment in which to work-out.  
The proposed spacecraft design provides two windows 
in the gym to alleviate boredom for the astronauts 
during their training regimes.
On a scale of 1-5, where 5 rates as the most important, 
the average ranking of submariners for sport in an 
isolated environment was 4.  Facilities on board trident 
submarines include; rowing machine, ski machine, 
exercise bicycles, weights and exercise mats.  The 
average time spent exercising each day was 40 minutes.
Suggestions for improved facilites included combining 
the exercise sessions with audio or visual activities and 
the provision of a complete mini-gym.10
For the cosmonauts, the importance of sport was rated 
as 5.  The sports facilities currently available on Mir 
include a tread mill, a bicycle and expanders.10
Provision of privacy
Private sleeping quarters are provided for each person, 
isolated with respect to both sound and light.
The quarters are able to offer a selection of personalised  
facilities including a bulletin board on which they can 
display personal photos and other memorabilia and they 
provide each crew member with their own viewing 
porthole.
One of the things which submariners noted as missing 
the most was privacy.  They commented on how it was 
difficult to sleep when people were coming and going 
and making noise due to the shift changes.10
With this in mind, the private crew quarters have been 
placed at the extreme far end of the spacecraft, hence 
elliminating any disturbance from through traffic.  
The private rooms have been arranged in pairs facing 
each other across the main corridor, hence the entrances 
have been placed asymetrically across from each other, 
allowing total visual privacy inside the rooms once the 
screens are pulled across.
Windows
Windows are one of the most important and 
controversial elements of spacecraft architecture.  They 
serve many functions including Earth and celestrial 
observations and are extremely important if not essential 
to crew moral, offsetting claustrophobic effects, 
problems relating to long-term isolation and providing 
inspirational recreation periods.  They do this by 
opening up the environment and increasing its perceived 
size.
The main engineering disadvantages of windows are that 
they are heavy, expensive, liable to break or get 
damaged and they transmit undesirable Infra-red and 
Ultra-violet wavelengths into the vehicle.  The shape 
also creates much debate; structural engineers prefer 
round shapes whereas rectangular and square windows 
provide the astronauts with important orientation clues 
both for spacecraft manoevures and earth observation.
Overall design philosopy: All windows should; 4
1. Support the highest degree of bodily protection 
possible from both external radiation sources and 
changes in temperature and pressure.
2. Provide as large a horizontal and vertical field of 
view (FOV) as possible.
3. All windows shall support the greatest degree of 
external and internal situational awareness possible.
The proposed design therefore includes a total of 10 
circular windows; 6 of 40 cm in diameter and 4 of 80 
cm in diameter.  The smaller windows have been placed 
in the crew quarters for private viewing and in the 
exercise gym to relieve boredom.  The larger windows 
have been placed in the communal zones so that 
everybody can view together.
When posed the question of suggested visual 
stimulation which would benefit future crews, most 
submarines gave the response 'windows'.10
The crew of Skylab reported that their favourite leisure 
activity was looking through their wardroom window.1 
and Helen Sharman said that 'the view throught the 
windows were wonderful.  Nobody tires of looking 
out.'10
Obviously for a mission to Mars this view would 
change dramatically over time and these astronauts will 
be the very first human beings to see the planet Earth 
actually disappear from view.  The psychological 
implications of this are unknown, which makes it even 
more important that the spacecraft represents a 'home 
from home’ in every aspect.
 
 
 
CONCLUSION AND FUTURE PROSPECTS
Some developments are in progress now, concerning :
- the dynamic stability of the structure; the general 
concept based on realistic standard modules has been 
modelled using the Finite Element Dynamic Model, in 
order to get modal and transcient behaviour.  This is 
now leading to the realisation of a material model (1% 
scale) which will demonstrate by similarity principle the 
dynamic response of this type of architecture.  This 
model is also devoted to pedagogical illustration of 
eigenshapes and shock transcient dynamic motion. 
- the internal arrangement ; in addition to CATIA 
virtual mockups, a 5% scale material mockup is in 
progress, and it is now envisaged, with Swedish 
partners, to develop during the two next years a full 
scale one (in a metallic isolated cylinder), in order to 
precise the definition of the internal arrangements, as 
well as carrying out a habitability test with crew.  The 
high northern latitude has the advantage of providing 
cold and dark isolation conditions.
In anycase, the concept is now able to generate during 
the next few years several different developments for 
students and researchers, not only in the field of 
mechanics and design, but also in the domain of human 
sciences and project management.
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